Over the past 20 years, the number of dental implant procedures has increased steadily worldwide, reaching approximately one million dental implantations per year. The clinical implants favor both bone anchoring and biomechanical stability. The surface characteristics of dental implants are recognized as one of the most critical factors stimulating the osseointegration process 1) . For this reason, several attempts have been made to modify the implant surface composition and morphology in order to optimize bone-to-implant contact and improve osseointegration. The histometric analysis of osseointegration in hydroxyapatite surface dental implants by ion beam-assisted deposition All premolars and first molars of the maxilla were carefully extracted on each side. The implants were placed on the right side after an 8 week healing period. The implant stability was assessed by resonance frequency analysis (RFA) at the time of placement. 40 implants were divided into 5 groups; machined, anodized, anodized plus IBAD, SLA, and SLA plus IBAD surface implants. 4 weeks after implantation on the right side, the same surface implants were placed on the left side. After 4 weeks of healing, the minipigs were sacrificed and the implants were analyzed by RFA, histology and histometric.
Introduction
Over the past 20 years, the number of dental implant procedures has increased steadily worldwide, reaching approximately one million dental implantations per year. The clinical implants favor both bone anchoring and biomechanical stability. The surface characteristics of dental implants are recognized as one of the most critical factors stimulating the osseointegration process 1) . For this reason, several attempts have been made to modify the implant surface composition and morphology in order to optimize bone-to-implant contact and improve osseointegration.
Many studies have focused on the effect of increasing the surface microroughness on bone apposition 3) .
Compared with other types of surfaces, a sandblasted and acid-etched (SLA) surface has demonstrated enhanced bone apposition in histomorphometric analyses 5, 7) as well as higher removal torque values in bio-
The histometric analysis of osseointegration in hydroxyapatite surface dental implants by ion beam-assisted deposition 16, 24) , thereby allowing a reduced healing period of 6 weeks in patients with a normal bone density, and exhibiting success rates of approximately 99 % after a follow-up of up to 5 years 2, 21) .
Currently, hydroxyapatite (HA) is widely used for implants as a coating material on implants for fixation and faster bone healing 9) . However, the HA coating layer has chemical nonuniformity, poor mechanical properties and low adhesion strength between the metal and HA coating 23) . To resolve these problems, coating methods using ion beam-assisted deposition (IBAD) have been developed 10) .
In 2000, Lee et al. improved the bonding strength of plasma-sprayed HA coating through an interlayer coating of biocompatible (Ti, Zr, Ir) oxides and (Ti, Zr) nitrates. They are reported that the various Ca, P ratios of calcium phosphate films were formed by e-beam evaporation, and that the films had an excellent bonding strength and showed different dissolution behaviors depending on the Ca and P ratio 14) .
Zhao et al. reported that the IBAD methods improved the binding strength, particularly the biological seal at the cervical level of the implant 25) . Liu et al.
suggested that IBAD enhanced the tensile bond strength which was attributed to the possible chemical bonding 17) .
Comut et al. reported that there were no significant differences in the orientation of the collagen fibers but there were significant effects of inflammation on the connective tissue attachment level around the IBAD implants 8) . Park et al. suggested a HA coating using IBAD may improve the bone response to a grit-blasted implant surface and have synergic effects, and a thin HA coating might have favorable effects that are independent of the causing surface roughness 20) . Hence, many authors have suggested that combining rough surface and HA deposition using an IBAD method will have synergic effects.
This study compared the effects of coating implants with hydroxyapatite (HA) using an ion beam-assisted deposition (IBAD) method with implants prepared using machined, anodized and SLA surfaces, and verified excellency of coating method with HA using an IBAD.
Materials and Methods

Preparation of surface
Evaporants used for coating were made by adding a 17.5% mass ratio of calcium oxide (CaO) powder 
Analysis Method
1) Resonance frequency analysis (RFA)
RFA was performed to measure implant stability using an Osstell TM mentor instrument (Integration Diagnostics AB, Göteborg, Sweden). Implant stability was measured in implant stability quotient (ISQ) units and was registered two times during the treatment: (1) at implant placement, (2) When the ISQ-value is detected, the instrument beeps and presents the value. Short beeps signal the measurements. The mean ISQ values were calculated for each minipig and time point.
2) Histologic and histometric analysis
The general histological findings were observed using stereoscope and microscope. The histomorphometric measurements were performed. Bone-to-implant contact was measured using the most coronal two threads and the most apical two threads and the bone density was measured within the same area Bone-to-implant contact(BIC)
Length in contact with bone = Length of fixture(lateral side of implant sf.) Bone Density bone area between threads = total area between threads 3) Histomorphometric analysis Table 3 , 4 shows the histomorphometric data from the analysis. In the bone-to-implant contact and bone density, the SLA plus IBAD groups were greater than the other groups. However, statistical analysis showed no significant differences in the bone to implants contacts and bone density between the 5 tested surfaces. There was no difference between the time intervals.
4) Statistical Analysis
The means and the standard deviation for each of the 5 groups were calculated. The significance of the difference for the groups was determined by the Kruskal-Wallis test (P＜0.05). 
Results
Clinical findings
During the postoperative healing period, healing was uneventful but 8 fixtures failed; one from each of the machined, anodized and SLA plus IBAD, and two from the SLA, and three from anodized plus IBAD surfaces. There were no signs of inflammation observed around implants.
Resonance frequency analysis (RFA)
RFA showed a mean implant stability quotient (ISQ) 
Histologic findings
No inflammatory reaction was observed around the implants except for the apical portion of some implants.
Histologic analysis of the implants demonstrated newly formed, compact, mature cortical bone with a nearby marrow space (Fig. 3, 4 , 5, 6, 7). No apical epithelial migration was observed. In the cortical portion, bone remodeling areas were present with many newly formed Haversian canals. Only in a few areas of the interface was it possible to observe an osteoblast rim. In the apical portion, newly formed bone trabeculae were present, which were composed mostly of woven bone, and only a small quantity of preexisting lamellar bone was present. Bone was in direct apposition to the titanium surface. In particular, the anodized, SLA implants coated with HA using the IBAD method showed an improved characteristic of contact osteogenesis in the soft bone, with the implant surface covered with a bone layer as a base for intensive bone formation and remodeling after 4, 8 weeks (Fig. 5, 7) . Especially SLA surface implants coated with HA using the IBAD method have a greatest effects.
The HA coating did not separate from the implant surfaces coated HA using IBAD. The junctional epithelium established the attachment to the implant surface, whereas the collagen fi bers and fibroblasts of the connective tissue seal were oriented parallel to the implant. 
Discussion
Hydroxyapatite (HA, Ca 10 (PO 4 ) 6 (OH) 2 ) is structurally and chemically similar to the mineral constitute of the hard tissues, and is commonly used as a coating material on titanium implants to considerably improve biological affinity and activity to the surrounding bone tissues. However, the commercially available plasma-sprayed HA coating produces some defects such as poor adherence to the substrate, chemical inhomogeneity, and high porosity 11, 23) . In addition, the presence of residual stress in the HA coating results in crack nucleation due to a large grain size and growth in the post-processing of the HA coatings, implantation and postoperative surgery, or even in the detachment of the HA coatings fragments, which can irritate the bone tissues. Various HA coating methods using IBAD have been developed in an attempt to solve these problems.
The minipig model was chosen because it has a bone formation rate equal to that of humans 19) .
Moreover, the minipig shows similar bone quality and quantity to humans. This study used delayedplacement protocol but with a short healing period. The implant stability values were high immediately after implant placement but they decreased during the first 3 months of the healing period. The first 3 months after placement appear to be the most vulnerable phase for implant failure when unrestricted functional loading is initiated 12, 21) . Some implants were exposed, which was . SLA surface implants coated with HA using the IBAD method may promote direct contact osteogenesis. It was assumed that any combination effects of SLA and HA could enhance the surface reactivity with the surrounding tissues. In testing out the characteristics of implant surface, in the binding energy, the sharp edge of each peak was clearly observed. The aluminum element was detected on the sandblasted surface, while the aluminum element was not detected on SLA surface under energy-dispersive-x-ray-spectroscopy(EDS) analysis. 26) However, further studies will be needed to test this hypothesis and determine the precise mechanism of the molecular interaction. The standard SLA surface has already led to a decrease in the healing periods from 3 months to 6 weeks 6, 21) . Therefore, these results suggest that the use of SLA surface implants coated with HA using the IBAD method might result in a reduced healing period.
The effects of the IBAD deposition method on the implant stability and osseointegration were assessed in minipigs. According to the results, we could conclude that rough surface implants coated HA by IBAD demonstrated improved adhesion strength between metal and HA coating. And it showed no significant differences in clinical finding, RFA value, histologic analysis with other rough surface implants. Through this experiment, we were able to find that previous surface implants such as machined, anodized, and SLA were not statistically significant compared to the SLA+ IBAD. However, the SLA surface implants coated with HA using the IBAD method could reduce healing periods of the standard SLA implants. However, the research design does not permit conclusions regarding the long-term treatment outcome with these implants.
Therefore, further longer-term studies with a larger number of implants will be needed for clinical using.
We could conclude that rough surface implants coated with HA by IBAD demonstrated improved biocompatibility and clinical and histological analysis showed no differences with other established implant surfaces.
